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Abstract. This paper proposes an electric vehicle (EV) battery charging station 
(EV-BCS) based on a bipolar dc power grid with the capabilities of returning 
energy back to the power grid (vehicle-to-grid – V2G mode), as well as to per-
form power transfer between different EVs connected to the EV-BCS without 
drawing power from the power grid (vehicle-to-vehicle – V2V mode), besides 
the traditional battery charging operation (grid-to-vehicle – G2V mode). The pro-
posed EV-BCS is modular, using three-level bidirectional dc-dc converters. In 
this paper, for simplicity reasons, only two converters, and hence two EVs, are 
considered in order to validate the previously referred operation modes. Further-
more, unbalanced operation from the EVs side is also considered for all the op-
eration modes, aiming to consider a real scenario of operation. Simulation results 
verify the correct operation of the EV-BCS in all cases, with balanced and unbal-
anced current consumption from the EVs resulting always in balanced currents 
from the bipolar dc power grid side. 
Keywords: Electric Vehicle, Battery Charging Station, Bipolar dc Power Grid, 
Three-Level dc-dc Converter. 
1 Introduction 
It is well-known that electric vehicles (EVs) are a promising alternative to the conven-
tional vehicles based on internal combustion engines regarding the emission lessening 
of greenhouse gasses at the user level, as well as the reduction in the exploitation of 
fossil resources [1], [2]. Furthermore, in addition to the aforementioned advantages in 
terms of mobility, EVs are also a promising solution concerning smart grids, being able 
to render ancillary services in conjunction with renewable energy sources and energy 
storage systems [3]-[5]. Besides the traditional battery charging operation, i.e. 
grid-to-vehicle (G2V) operation mode, one of the first operation modes proposed in the 
literature regarding the connection of EVs to the power grid was the vehicle-to-grid 
(V2G) [6], [7], consisting of using part of the energy stored in the EV battery to deliver 
it to the power grid. Other operation modes for the EV in the context of smart grids can 
Tiago J. C. Sousa, Vítor Monteiro, Sérgio Coelho, Luís Machado, Delfim Pedrosa, João L. Afonso, “Battery Charging Station for Electric Vehicles based on Bipolar dc 
Power Grid with Grid-to-Vehicle, Vehicle-to-Grid and Vehicle-to-Vehicle Operation Modes”, in EAI SESC 2020 - 2nd EAI International Conference on Sustainable 
Energy for Smart Cities, Online Conference, 3 December 2020. 
2 
be analyzed in [8]. However, to make EVs ascend to a global level, a suitable infra-
structure in terms of battery charging is mandatory. In this sense, several scheduling 
strategies regarding EV battery charging stations (EV-BCSs) have been proposed in the 
literature [9]-[12], as well as battery swapping strategies [13]-[16] and the combination 
with energy storage systems and solar photovoltaic panels [17]-[19]. 
In addition to EVs, dc power grids have also been gaining attention, mainly due to 
the fact that energy storage systems and solar photovoltaic panels, which are major 
assets towards distributed generation and, consequently, smart grids and microgrids, 
operate in dc. Moreover, dc power systems are more efficient than their ac counterparts, 
not suffering from skin effect, and not presenting electrical issues such as reactive 
power and harmonic currents. In this sense, dc microgrids have been an important topic 
of research [20], [21]. Among dc power grids can be found unipolar or bipolar types, 
whether they are comprised by one active conductor plus neutral or two active conduc-
tors plus neutral, respectively. As suggested by their designation, bipolar dc power grids 
provide two symmetrical voltages referenced to the same potential, i.e., the neutral 
wire. Additionally, it is possible to obtain a voltage that is the double of the base value, 
namely by using the negative rail as reference instead of the neutral wire. This is ad-
vantageous in the way that allows to have two different voltage values instead of only 
one, as happens with unipolar dc power grids. Besides, bipolar dc power grids are more 
reliable and present a higher energy transmission capacity [22]-[24]. 
The application of bipolar dc power grids in EV-BCSs has been already addressed 
in the literature. In [25] is presented an EV-BCS based on a neutral point clamped 
front-end ac-dc converter, whose split dc-link generates a bipolar dc power grid, where 
the dc-dc converters responsible for the battery charging operation are connected. How-
ever, only the front-end ac-dc converter is addressed in such work. In [26]-[29] is stud-
ied the utilization of three-level dc-dc converters in an EV-BCS based on a bipolar dc 
power grid, but the V2G operation mode is not addressed. In this context, this paper 
presents an EV-BCS based on a bipolar dc power grid with G2V and V2G capability. 
Besides, the vehicle-to-vehicle (V2V) operation mode is also taken into consideration, 
which is a relatively recent operation mode regarding EVs but being already a relevant 
research topic [30]-[33]. It should be noted that the front-end ac-dc converter of the 
EV-BCS is not addressed in this paper. 
The rest of the paper is structured as follows: Section 2 presents the structure of the 
EV-BCS, as well as the control of the power converters; Section 3 presents the simula-
tion model and results of the EV-BCS in the different possible operation modes; finally, 
Section 4 finalizes the paper with the main conclusions. 
2 Structure of the Electric Vehicle Battery Charging Station 
This section describes the power structure of the proposed EV-BCS, namely the dc-dc 
converter used and its control system. The chosen topology for the dc-dc converter is 
the three-level two-quadrant buck-boost, since it is bidirectional, allowing bidirectional 
power flow and, hence, the G2V and V2G operation modes, among others, and also 
because it has a split dc-link in its high voltage side, making it suitable for bipolar dc 
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power grids [34], [35]. Fig. 1 shows the power structure of the EV-BCS, where two 
three-level two-quadrant buck-boost dc-dc converters can be seen, both sharing the 
same dc-link, which is connected to a bipolar dc power grid. The figure suggests the 
modularity of the EV-BCS, being possible to connect an indefinite number of similar 
dc-dc converters to the bipolar dc power grid. For the sake of simplicity, the analysis 
carried out in this paper only comprises two dc-dc converters, consequently represent-
ing two EVs. In [36] a study of the same power structure can be found, i.e., two 
three-level two-quadrant buck-boost dc-dc converters connected to each other by the 
high voltage side, focusing on smart grid applications. 
 
Fig. 1. Power structure of the proposed EV-BCS. 
Each converter x (with x varying from 1 to the total number of converters, in this 
case being 2) is connected to an EVx in the low voltage side, with vbatx and ibatx being 
its battery voltage and current, respectively, and to the bipolar dc power grid in the high 
voltage side, with the positive rail voltage (vdcpos) being applied to the upper capacitor 
(C2x-1) and the negative rail voltage (vdcneg) being inversely applied to the lower capac-
itor (C2x). In a bipolar dc power grid, the condition vdcpos = -vdcneg is verified; therefore, 
the total voltage in the high voltage side of each converter x, i.e., across the series con-
nection of the capacitors C2x-1 and C2x, is 2vdcpos. However, due to the three-level char-
acteristic of the converter, each power semiconductor withstands only a maximum volt-
age of vdcpos. 
For the proper operation of each converter x in buck mode, the power semiconduc-
tors S4x-3 and S4x are used (S1 and S4 for converter 1 and S5 and S8 for converter 2). In 
this operation mode, the power flows from the high voltage side to the low voltage side, 
i.e., from the dc power grid to the battery, corresponding to the G2V operation mode. 
The voltage produced by each converter x (vcvx) can assume three values, namely 0, 
vdcpos and 2vdcpos. Equation (1) shows the possible values of the voltage vcvx as a function 
of the switching state of the power semiconductors in buck mode, with 0 meaning the 
off state and 1 meaning the on state, and equation (2) shows the two possible operating 
regions for the converter in function of the voltages vbatx and vdcpos and the duty-cycle 
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be 180º phase shifted in order to assure the proper operation of the converter, also dou-
bling the frequency of the voltage produced by the converter with respect to its switch-
ing frequency. 
 𝑣𝑐𝑣𝑥 = {
0, 𝑆4𝑥−3 = 0,  𝑆4𝑥 = 0 
𝑣𝑑𝑐𝑝𝑜𝑠 , 𝑆4𝑥−3 = 0(1),  𝑆4𝑥 = 1(0)
2𝑣𝑑𝑐𝑝𝑜𝑠 , 𝑆4𝑥−3 = 1,  𝑆4𝑥 = 1
. (1) 
 
If 𝑣𝑐𝑣𝑥 < 2𝑣𝑑𝑐𝑝𝑜𝑠− 𝑣𝑏𝑎𝑡𝑥      → D < 50%, 𝑣𝑐𝑣𝑥= {0, 𝑣𝑑𝑐𝑝𝑜𝑠}, 
(2) 
If 𝑣𝑐𝑣𝑥 > 2𝑣𝑑𝑐𝑝𝑜𝑠− 𝑣𝑏𝑎𝑡𝑥      → D > 50%, 𝑣𝑐𝑣𝑥= {𝑣𝑑𝑐𝑝𝑜𝑠, 2𝑣𝑑𝑐𝑝𝑜𝑠}. 
 
In order to control each EV battery current, a predictive control strategy was employed, 
based on the model of the converter. Hence, the voltage that each converter x must 
produce (vcvx) in a given instant k in order to control the EV battery current ibatx accord-
ing to its reference (ibatrefx) in buck mode obeys the following digital implementation: 
 𝑣𝑐𝑣𝑥[𝑘] = 𝑣𝑏𝑎𝑡𝑥[𝑘] + 𝐿𝑥  𝑓𝑠 (𝑖𝑏𝑎𝑡𝑟𝑒𝑓𝑥[𝑘] − 𝑖𝑏𝑎𝑡𝑥[𝑘]), 𝑖𝑏𝑎𝑡 > 0, (3) 
where Lx is the inductance value of dc-dc converter x inductor and fs is the sampling 
frequency used in the digital control system. 
For the proper operation of each converter x in boost mode, the power semiconduc-
tors S4x-2 and S4x-1 are used (S2 and S3 for converter 1 and S6 and S7 for converter 2). In 
this operation mode, the power flows from the low voltage side to the high voltage side, 
i.e., from the battery to the dc power grid, corresponding to the V2G operation mode. 
The voltage produced by each converter x (vcvx) can assume three values, namely 0, 
vdcpos and 2vdcpos. Equation (4) shows the possible values of the voltage vcvx as a function 
of the switching state of the power semiconductors in boost mode, with 0 meaning the 
off state and 1 meaning the on state, and equation (5) shows the two possible operating 
regions for the converter in function of the voltages vbatx and vdcpos and the duty-cycle 
(D). Similarly to the buck mode, the switching signals of the two power semiconductors 
must be 180º phase shifted in order to assure the proper operation of the converter, also 
doubling the frequency of the voltage produced by the converter with respect to its 
switching frequency. 
 𝑣𝑐𝑣𝑥 = {
0, 𝑆4𝑥−2 = 1,  𝑆4𝑥−1 = 1 
𝑣𝑑𝑐𝑝𝑜𝑠 , 𝑆4𝑥−2 = 1(0),  𝑆4𝑥−1 = 0(1)
2𝑣𝑑𝑐𝑝𝑜𝑠 , 𝑆4𝑥−2 = 0,  𝑆4𝑥−1 = 0
. (4) 
 
If 𝑣𝑐𝑣𝑥 > 2𝑣𝑑𝑐𝑝𝑜𝑠− 𝑣𝑏𝑎𝑡𝑥      → D > 50%, 𝑣𝑐𝑣𝑥= {0, 𝑣𝑑𝑐𝑝𝑜𝑠}, 
(5) 
If 𝑣𝑐𝑣𝑥 < 2𝑣𝑑𝑐𝑝𝑜𝑠− 𝑣𝑏𝑎𝑡𝑥      → D < 50%, 𝑣𝑐𝑣𝑥= {𝑣𝑑𝑐𝑝𝑜𝑠, 2𝑣𝑑𝑐𝑝𝑜𝑠}. 
 
In order to control each battery current, a predictive control strategy was employed, 
based on the model of the converter. Hence, the voltage that each converter x must 
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produce (vcvx) in a given instant k in order to control the battery current ibatx according 
to its reference (ibatrefx) in boost mode obeys the following digital implementation: 
 𝑣𝑐𝑣𝑥[𝑘] = 𝑣𝑏𝑎𝑡𝑥[𝑘] − 𝐿𝑥  𝑓𝑠 (𝑖𝑏𝑎𝑡𝑥[𝑘] − 𝑖𝑏𝑎𝑡𝑟𝑒𝑓𝑥[𝑘]), 𝑖𝑏𝑎𝑡 < 0, (6) 
where Lx is the inductance value of dc-dc converter x inductor and fs is the sampling 
frequency used in the digital control system. 
3 Computational Simulations 
This section presents the simulation parameters and results of the EV-BCS for two EVs, 
being addressed the G2V, V2G and V2V operation modes, as well as a combination of 
V2V with G2V and V2V with V2G. The simulations were carried out in the software 
PSIM v9.1 from Powersim. In Fig. 2 it can be seen the used battery model, namely the 
Thevenin model, comprised by the open-circuit voltage (vocx), a capacitor to emulate 
the dynamic behavior of the battery (Cbatx), a resistor connected in parallel with the 
capacitor to emulate the battery self-discharge (Rpx) and a series resistor, meaning the 
internal resistance of the battery (Rsx). Table 1 presents the parameters of the power 
converter and batteries of each EV (where it can be seen that the converters are equal), 
as well as the batteries, which present different initial voltage values, with vbat1 starting 
with 250 V and vbat2 with 200 V. 
 
Fig. 2. Battery model used for each EVx. 
Table 1. Simulation parameters of the EV-BCS and EV batteries. 
PARAMETER VALUE 
Initial vbat1 250 V 
Initial vbat2 200 V 
vocx 150 V 
Cbatx 0.5 F 
Rsx 0.1 Ω 
Rpx 100 kΩ 
Lx 500 µH 
C2x-1, C2x 100 µF 
vdcpos 200 V 
vdcneg -200 V 
dc power grid impedance  0.1 Ω, 10 µH 
Switching frequency 50 kHz 













Fig. 3 shows the normal operation of both EVs at a charging station, i.e., both operating 
in G2V, and both charging their batteries with the same value of current (20 A). The 
figure shows the battery voltages (vbat1 and vbat2) and currents (ibat1 and ibat2), the currents 
drawn from the dc power grid, namely in the positive rail (idcpos), neutral rail (idczer) and 
negative rail (idcneg), and the voltages produced by the converters (vcv1 and vcv2). It can 
be seen that the battery voltages are slightly higher than their original values (2 V 
higher), which is due to the internal resistance of the batteries and not due to the energy 
accumulation process, given that the initial instant of figure is 2 ms. It can be seen that 
both battery currents present the same average value of 20 A, but ibat2 presents a much 
smaller ripple than ibat1. This is due to the fact that the voltage vbat2 is practically half 
(202 V) the total dc power grid voltage, which makes the three-level buck-boost dc-dc 
converter operate in a region of strong ripple cancelling. This is visible in the voltage 
produced by this converter (vcv2), presenting a very low duty-cycle between voltage 
levels 200 V and 400 V (in other words, presenting a duty-cycle slightly higher than 
50%). It is noticeable from the voltage vcv1 that converter 1 operates with the same 
voltage levels but with a higher duty-cycle, meaning a higher ripple in ibat1. Regarding 
the currents absorbed from the dc power grid, it can be perceived that idcpos and idcneg are 
symmetrical, with average values of 23 A and -23 A, respectively, the first one being 
positive and the second being negative, meaning that the dc power grid is providing 
power. The current idczer is the negative sum of idcpos and idcneg, therefore presenting a 
null average value. 
 
Fig. 3. Simulation results of the G2V operation mode when 
EV1 and EV2 are charging with a current of 20 A. 
Fig. 4 shows the operation of both EVs in G2V but with different values of current in 
order to simulate a case of unbalance. EV1 is charging with a current of 20 A, while 
EV2 is charging with a current of 40 A. The figure shows the battery voltages (vbat1 and 
vbat2) and currents (ibat1 and ibat2), the currents drawn from the dc power grid, namely in 
the positive rail (idcpos), neutral rail (idczer) and negative rail (idcneg), and the voltages 
produced by the converters (vcv1 and vcv2). In this case, the voltage vbat2 presents a value 
of 204 V, showing the effect of the battery internal resistance when higher currents are 
applied. It can be seen that both battery currents present the expected average value, 





























with EV1 presenting the same results as the previous case. Despite being a higher cur-
rent, ibat2 still has a low ripple due to the same reason as previously mentioned, as it can 
be seen from voltages vcv1 and vcv2. Regarding the currents absorbed from the dc power 
grid, idcpos and idcneg are symmetrical but with a higher average value than previously 
(33.6 A), the first one being positive and the second being negative. Thus, the EV-BCS 
is able to consume balanced currents from the bipolar dc power grid even with unbal-
anced battery charging operation. Accordingly, the current idczer presents a null average 
value. 
 
Fig. 4. Simulation results of the G2V operation mode when EV1 is charging 
with a current of 20 A and EV2 is charging with a current of 40 A. 
Fig. 5 shows the V2G operation mode for both EVs, discharging their batteries with the 
same value of current (20 A). This figure shows the battery voltages (vbat1 and vbat2) and 
currents (ibat1 and ibat2), the currents drawn from the dc power grid, namely in the posi-
tive rail (idcpos), neutral rail (idczer) and negative rail (idcneg), and the voltages produced 
by the converters (vcv1 and vcv2). It can be seen that both battery currents are negative, 
meaning that the power flow is established from the batteries to the dc power grid, as 
expected in the V2G operation mode. Also, both battery currents present the same av-
erage value of -20 A, but ibat2 presents a much smaller ripple than ibat1, which is due to 
the same reason as aforementioned. In this case, the voltage produced by converter 2 
(vcv2) presents a very high duty-cycle between voltage levels 0 V and 200 V (in other 
words, presenting a duty-cycle slightly smaller than 50%). This happens due to the in-
ternal resistance of the batteries, which decreases the battery voltage when current is 
being supplied by the battery, as it can be seen by the vbat2 value of 198 V, which is 
lower than half the total dc power grid voltage. Regarding the dc power grid currents, 
it can be seen that idcpos and idcneg are symmetrical, but with idcpos being negative and 
idcneg being positive. This means that the dc power grid is receiving power instead of 
supplying it, as expected from the V2G operation mode. The average value of these 
currents is 22.1 A, with the current idczer presenting a null average value. 






























Fig. 5. Simulation results of the V2G operation mode when 
EV1 and EV2 are discharging with a current of 20 A. 
Fig. 6 shows the operation of both EVs in V2G but with different values of current in 
order to simulate a case of unbalance. EV1 is discharging with a current of 20 A, while 
EV2 is discharging with a current of 40 A. The figure shows the battery voltages (vbat1 
and vbat2) and currents (ibat1 and ibat2), the currents drawn from the dc power grid, namely 
in the positive rail (idcpos), neutral rail (idczer) and negative rail (idcneg), and the voltages 
produced by the converters (vcv1 and vcv2). Once again, both battery currents are nega-
tive, meaning that the power flow is established from the batteries to the dc power grid, 
as expected in the V2G operation mode. It is noticeable that both battery currents pre-
sent the expected average value, with EV1 presenting the same results as the previous 
scenario. In this case, the voltage vbat2 presents a value of 196 V, showing the effect of 
the battery internal resistance when higher currents are drawn from the battery. Despite 
being a higher current, ibat2 still has a low ripple due to the same reason as previously 
mentioned, as it can be seen from voltages vcv1 and vcv2. Regarding the dc power grid 
currents, it is noticeable that idcpos is negative and idcneg is positive, as in the previous 
case, meaning that the dc power grid is receiving power instead of supplying it. More-
over, these currents are symmetrical, meaning that the EV-BCS is able to handle un-
balances in the power injected by the EVs without unbalancing the dc power grid cur-
rents. The average value of these currents is 31.5 A, with the current idczer presenting a 
null average value. 





























Fig. 6. Simulation results of the V2G operation mode when EV1 is discharging 
with a current of 20 A and EV2 is discharging with a current of 40 A. 
Fig. 7 shows the V2V operation mode, where EV1 provides power to EV2. EV2 is 
charging with a current of 20 A, while EV1 provides the necessary current to perform 
the battery charging of EV2 without using additional power from the dc power grid. 
The figure shows the battery voltages (vbat1 and vbat2) and currents (ibat1 and ibat2), the 
currents drawn from the dc power grid, namely in the positive rail (idcpos), neutral rail 
(idczer) and negative rail (idcneg), and the voltages produced by the converters (vcv1 and 
vcv2). In this operation mode, ibat1 is negative, similar to V2G, but ibat2 is positive, similar 
to G2V. It can be seen that ibat2 has the expected average value of 20 A, with ibat1 pre-
senting an average value of approximately -16.3 A. In this case, the voltage vbat2 has a 
value of 202 V, making the produced voltage vcv2 alternate between voltage levels 
200 V and 400 V. Regarding the dc power grid currents, it can be seen that idcpos and 
idcneg are overlapped and with a practically null average value, meaning that the dc 
power grid is neither receiving nor providing significant power. The current idczer pre-
sents a similar waveform, also with a null average value, as in the previous cases. 
 
Fig. 7. Simulation results of the V2V operation mode when EV1 is discharging 
with a current of 16.3 A and EV2 is charging with a current of 20 A. 
























































Fig. 8 shows the combination of V2V and G2V operation modes, where EV1 provides 
power to EV2, but the power provided by EV1 is not enough to perform the battery 
charging of EV2. EV1 is discharging with a current of 20 A, while EV2 is charging 
with a current of 40 A. The figure shows the battery voltages (vbat1 and vbat2) and cur-
rents (ibat1 and ibat2), the currents drawn from the dc power grid, namely in the positive 
rail (idcpos), neutral rail (idczer) and negative rail (idcneg), and the voltages produced by the 
converters (vcv1 and vcv2). Once again, ibat1 is negative, similar to V2G, but ibat2 is posi-
tive, similar to G2V. Regarding the dc power grid currents, it can be seen that idcpos is 
positive and idcneg is negative, meaning that the dc power grid is providing power. How-
ever, the average value of these currents is only 8 A, since the dc power grid only pro-
vides the power difference between the EV2 required power and the EV1 supplied 
power. Also, in this case, the currents idcpos and idcneg are symmetrical, with idczer pre-
senting a null average value. 
 
Fig. 8. Simulation results of the combination of V2V and G2V operation modes when EV1 
is discharging with a current of 20 A and EV2 is charging with a current of 40 A. 
Fig. 9 shows the combination of V2V and V2G operation modes, where EV1 provides 
power to EV2, but the power provided by EV1 is more than the power required to 
perform the battery charging of EV2. EV1 is discharging with a current of 40 A, while 
EV2 is charging with a current of 20 A. The figure shows the battery voltages (vbat1 and 
vbat2) and currents (ibat1 and ibat2), the currents drawn from the dc power grid, namely in 
the positive rail (idcpos), neutral rail (idczer) and negative rail (idcneg), and the voltages 
produced by the converters (vcv1 and vcv2). Once again, ibat1 is negative, similar to V2G, 
but ibat2 is positive, similar to G2V. Regarding the dc power grid currents, it can be seen 
that idcpos is negative and idcneg is positive, contrarily to the previous case, meaning that 
the dc power grid is receiving power. The average value of these currents is only 14.4 A, 
since the dc power grid only receives the power difference between the EV1 supplied 
power and the EV2 required power. As in the previous case, the currents idcpos and idcneg 
are symmetrical, with idczer presenting a null average value. 





























Fig. 9. Simulation results of the combination of V2V and V2G operation modes when EV1 
is discharging with a current of 40 A and EV2 is charging with a current of 20 A. 
In order to provide an overview of the obtained simulation results, Table 2 shows 
the average values of the main variables for each case, i.e., ibat1, ibat2 and idcpos. The 
average values of idcneg and idczer are not presented since the average value of idcneg is 
always symmetrical with respect to idcpos, while the average value of idczer is always null, 
as expected and previously explained. 
Table 2. Average value of the currents obtained in the simulation results. 
CASE Ibat1 Ibat2 Idcpos 
BALANCED G2V (FIG.3) 20 A 20 A 23 A 
UNBALANCED G2V (FIG.4) 20 A 40 A 33.6 A 
BALANCED V2G (FIG.5) -20 A -20 A -22.1 A 
UNBALANCED V2G (FIG.6) -20 A -40 A -31.5 A 
V2V (FIG.7) -16.3 A 20 A 0 A 
V2V + G2V (FIG.8) -20 A 40 A 8 A 
V2V + V2G (FIG.9) -40 A 20 A -14.4 A 
 
4 Conclusions 
This paper presented a proposed electric vehicle battery charging station (EV-BCS) 
based on a bipolar dc power grid with vehicle-to-grid (V2G) and vehicle-to-vehicle 
(V2V) operation modes capability, besides the traditional battery charging operation 
mode (grid-to-vehicle – G2V). The presented EV-BCS is modular and uses three-level 
bidirectional dc-dc converters. A case scenario with two converters, and thus two EVs, 
was considered, aiming to validate all the operation modes (G2V, V2G and V2V, as 
well as the combination of V2V with G2V, and V2V with V2G). Moreover, in all op-
eration modes it was considered an unbalanced operation from the EVs side, in order 
to emulate a real operation scenario and validate the proper operation of the EV-BCS. 
The obtained results were based on computational simulations and verify the correct 



























operation of the EV-BCS in all cases, with balanced and unbalanced current consump-
tion from the EVs, but with balanced currents from the bipolar dc power grid side. 
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